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Polyclonal antiserum produced against preoccluded virions from the Orgyia pseudotsugata multinucleocapsid nuclear
polyhedrosis virus (OpMNPV) was used to screen an OpMNPV lgt11 expression library. The insert from one of the
immunoreactive phage isolates hybridized to OpMNPV orf86 (p91), a 2460-bp (819 amino acids) open reading frame that
encodes a predicted protein of 91 kDa. Antibodies generated against a maltose binding protein –P91 fusion detected a
band of approximately 91 kDa on Western blots of extracts of OpMNPV-infected Lymantria dispar cells. This band was first
observed at 18 hr p.i. and was present at all later time points. Similar results using this antiserum were seen with a time
course of Autographa californica-infected Spodoptera frugiperda cells. Localization of P91 by confocal immunofluorescence
microscopy showed that the protein was concentrated near the nuclear membrane and at late times p.i. was most concen-
trated near polyhedra. Immunoelectron microscopy indicated that P91 was present in both the capsid and envelope sur-
rounding the capsid of occlusion-derived virions. Fractionation studies employing NP-40 and Western blot analysis indicated
that P91 was associated with the capsid structure. q 1997 Academic Press
INTRODUCTION the latter appearing to be associated with both capsid
and envelope structures (Russell and Rohrmann, 1993;
Baculovirus virions are complex enveloped structures Hong et al., 1994; Braunagel et al., 1996a, 1996b), respec-
containing a large double-stranded DNA molecule of tively (for review see Funk et al., in press).
over 100 kb. The nucleocapsid structure contains a puta- As part of an ongoing project to identify and character-
tive DNA binding protein (P6.9), which is likely to be ize baculovirus virion-associated proteins, we have
involved in condensation of the DNA (Wilson et al., 1987), screened an Orgyia pseudotsugata multinucleocapsid
and three proteins that likely participate in forming the nuclear polyhedrosis virus (OpMNPV) lgt11 expression
capsid structure: VP39 (Russell et al., 1991; Thiem and library with antiserum produced against several virion
Miller, 1989), P24 (Wolgamot et al., 1993), and P87 (Lu preparations. In this report, we describe the characteriza-
and Carstens, 1992; Mu¨ller et al., 1990). Another protein, tion of an additional baculovirus-encoded capsid-associ-
ORF1629 (p78/83) (Vialard and Richardson, 1993), ap- ated protein we call P91 that was initially identified by
pears to be specific to the basal end of the capsid struc- screening the expression library.
ture (Russell et al., 1997).
Baculoviruses produce two types of virions, the bud-
MATERIALS AND METHODS
ded virus form (BV), involved in spreading the infection
from cell to cell, and the occlusion-derived virus (ODV), Insect cell lines and virus
which spreads the infection between insects. Although
Lymantria dispar cell line 652Y was grown in TNM-FHthe composition of the nucleocapsids of these two viral
medium at 287. A cloned isolate of OpMNPV (Quant-forms appears to be similar, they possess envelopes
Russell et al., 1987) was used to infect L. dispar cells.which differ in composition. BV envelopes are derived
The Spodoptera frugiperda cells (ATCC CRL 1711, Sf9)from plasma membranes modified by the incorporation
and Autographa californica MNPV (AcMNPV) strain E-2of a virus-encoded glycosylated protein called gp64
used were previously described (Russell and Rohrmann,(Monsma et al., 1996). In contrast, ODV are enveloped
1993).in the nucleus as a prelude to occlusion into a crystalline
protein matrix. The origin of this membrane is unclear,
Screening a lgt11 expression library andalthough it appears to contain a number of virus-encoded
hybridization to cosmidsproteins including ODV-E25, E66, E56, E18, and EC27,
An OpMNPV lgt11 expression library (Quant-Russell
et al., 1987) was screened with an antiserum generated1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (541) 737-0497. E-mail: rohrmann@bcc.orst.edu. against preoccluded virions as previously described
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FIG. 1. Location and transcriptional mapping of the p91 gene. (a) Location of the p91 gene on the OpMNPV genome. Prominent restriction enzyme
sites are indicated. The numbers at the margins indicate the genome coordinates; the open reading frames are indicated by arrows and are from
Ahrens et al. (1997). The location of the cRNAs used for Northern blot analysis and the restriction fragments used for 5* and 3* mapping are
indicated. (b) Summary of transcriptional mapping data.
(Russell and Rohrmann, 1993). Immunoreactive plaques brane using a UV crosslinker (UV Stratalinker 1800, Stra-
tagene, Inc.) and the membrane was baked 2 hr at 807. Thewere then screened with a mixture of antisera directed
against various OpMNPV structural proteins and with a Northern blot prehybridization and hybridization protocols
used are described in Ahrens et al. (1995).mix of 32P-labeled DNA from genes known to encode
structural proteins (Russell and Rohrmann, 1993). Posi- Three 32P-labeled cRNA probes complementary to the
p91 region were generated from inserts cloned into pBS-,tive clones were eliminated from further study and the
remaining clones were put through two additional rounds linearized with an appropriate enzyme, and cRNA tran-
scripts were synthesized using T7 or T3 polymerase andof plaque purification.
The insert from one immunoreactive phage, l246, was [32P]UTP as previously described (Blissard et al., 1989).
These included a 2019-bp PstI fragment (nt 68427 –isolated and labeled with 32P using a random hexamer
procedure (Feinberg and Vogelstein, 1983). The probe 70446, a 436-bp AluI/PstI insert (nt 70010 – 70446), and
a 104-bp HaeIII insert (nt 70689 – 70794) (Figs. 1 and 2).was then hybridized under stringent conditions to restric-
tion digests of an OpMNPV cosmid library (Leisy et al., In order to map the 5* start site of p91, 5* S1 analysis
was carried out (Favaloro et al., 1980). A 539-bp PstI/1984) that had been electrophoresed on a 0.7% agarose
gel and blotted onto Gene Screen Plus (DuPont, Inc.) TaqI fragment (Fig. 1) was 5*-end labeled with [g-32P]ATP
and T4 polynucleotide kinase and then hybridized to 4Restriction fragments were subcloned into a modified
pBS(0) vector (Gombart et al., 1989a). The nucleotide mg total RNA from OpMNPV-infected L. dispar cells. The
reactions were treated with S1 nuclease and run on ansequence of the OpMNPV genome (Accession No.
U75930) has been reported elsewhere (Ahrens et al., 8% polyacrylamide/7 M urea gel alongside a 32P-labeled
1-kb ladder and a DNA sequencing ladder.1997).
The termination site of the p91 mRNA was mapped by
3* S1 analysis (Favaloro et al., 1980). A 908-bp NarI/PstITranscriptional mapping
fragment (Fig. 1) was 3* end-labeled with [a-32P]dCTP
For RNA isolation, L. dispar cells were infected with and Klenow (Sambrook et al., 1989). The probe was then
OpMNPV at an m.o.i. of 10. Approximately 9 1 106 cells hybridized to 5 mg total RNA from OpMNPV-infected L.
were harvested at various times postinfection, mixed with dispar cells and the reactions were treated with S1
1 ml Trizol (Gibco BRL), and RNA was isolated according nuclease. S1-protected fragments were electrophoresed
to the manufacturer’s protocol. on a 0.8% agarose gel along side a 32P-labeled 1-kb
In order to study the temporal expression of p91 mRNA, ladder (Gibco BRL, Inc).
Northern blot analysis was carried out as previously de-
Construction of a pMalcR1-p91 gene fusion andscribed (Russell et al., 1997). Briefly, 30 mg of RNA were
antibody productionelectrophoresed on a 1.25% agarose/6% formaldehyde gel
in 20 mM MOPS buffer and transferred to a Gene Screen A maltose binding protein – P91 fusion protein was
produced by cloning the 2019-bp PstI fragment fromPlus membrane. The RNA was crosslinked to the mem-
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FIG. 2. Nucleotide sequence of the OpMNPV p91 gene region. The location of late promoter/mRNA start and termination sites, along with major
restriction sites, are indicated. Numbers to the right of the sequences indicate the positions of nucleotides within the genome sequence and P91
amino acids (see GenBank Accession No. U75930). Polyadenylation signals (AATAAA) are double underlined.
p91 into the PstI site of pMalcR1 (New England Bio- Western blot analysis of OpMNPV- and AcMNPV-
labs). Clones were transformed into Escherichia coli infected cells
DH5a and screened for orientation. This resulted in an
Monolayers of L. dispar cells were infected within-frame fusion beginning at amino acid 37 of P91 and
OpMNPV at an m.o.i. of 10, cells were harvested at vari-extending through amino acid 710. Extracts from trans-
ous times postinfection, and extracts were prepared asformants were screened with the immune serum to
previously described (Quant-Russell et al., 1987). Produc-preoccluded virions (Russell and Rohrmann, 1993) and
tion of extracts from AcMNPV-infected S. frugiperda cellsDNA from those clones showing a positive response
were described in Rasmussen and Rohrmann (1994).were transformed into TOP-10 cells (Invitrogen, Inc.).
OpMNPV and AcMNPV samples were electrophoresedThe fusion protein was expressed, isolated, and used
through 10.5% and 9% SDS/polyacrylamide gels (Laem-for immune serum production as previously described
mli, 1970), respectively, and electroblotted onto nitrocel-(Russell et al., 1997). The antiserum to maltose binding
lulose (Micron Separations Inc.) for 2 hr at 185 mA. West-protein (MBP) was purchased from New England Bio-
labs, Inc. ern blot analyses were carried out as previously de-
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FIG. 2— Continued
scribed (Quant-Russell et al., 1987). Antiserum to the with TE and resuspended in 45 ml TE, pH 7.5. Five microli-
ters of each soluble or pellet fraction were mixed withmaltose binding protein– P91 fusion was used at dilu-
tions of 1:5000 to 1:12,500. Anti-maltose binding protein an equal volume of 21 SDS/PAGE sample buffer, boiled
for 90 sec, and electrophoresed on a 10% SDS/polyacryl-was used at 1:10,000. Diluted antisera were preabsorbed
with 5 mg/ml mouse brain powder (Sigma) for 2 hr at amide gel. The proteins were electroblotted onto nitrocel-
lulose as described above. Western blot analysis wasroom temperature before use.
carried out using MBP-P91 antiserum at 1:10,000, anti-
VP39 ascites fluid at 1:7000 (Pearson et al., 1988), andDissolution studies of P91
MBP-P25 antiserum (Russell and Rohrmann, 1993) at
Polyhedra were solubilized under different conditions 1:15,000.
to study the association of P91 with the ODV capsid or
capsid envelope. Approximately 8.2 1 1010 polyhedra Confocal immunofluorescent microscopy
were incubated at 707 for 30 min to inactivate protease
activity. The polyhedra were then incubated 20 min at Monolayers of L. dispar cells were grown on coverslips
and infected with OpMNPV at an m.o.i. of 100. At various377 in dilute alkaline saline (100 mM Na2CO3/5 mM NaCl)
in a final volume of 400 ml and microfuged 10 min. The times postinfection, the coverslips were immersed in
methanol and the cells were fixed for 10 min at0207. Thesupernatant (DAS-S) was removed and the pellet (DAS-
P) was washed and then resuspended in 320 ml 10 mM samples were air-dried and stored at 0207 until used.
Immunofluorescent staining was carried out as pre-Tris (pH 7.5)/1 mM EDTA. Forty microliters of DAS-P was
aliquoted into two tubes. The contents of one tube were viously described (Blissard and Rohrmann, 1989). The
preimmune and MBP-P91 antisera were diluted 1:2000.incubated in 3% NP-40/30 mM NaCl for 45 min at 377.
The second tube contained 3% NP-40/30 mM NaCl/0.1% The secondary antibody, goat anti-rabbit IgG/FITC
(Sigma), was used at a dilution of 1:160. Samples were2-mercaptoethanol and was incubated for 45 min at 557.
Samples were then microfuged for 10 min at 47. The observed on a Leica TCS 4D confocal microscope. A
horizontal series of 6 to 8 images was collected per fieldsupernatants were saved and the pellets were washed
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FIG. 3. Comparison of the predicted amino acid sequence of P91 homologs from AcMNPV and OpMNPV. Identical amino acids are indicated by white
letters within black boxes. Similar amino acids are indicated by black letters within stippled boxes. Amino acid number is indicated on the right.
of view at each time point and images shown are from P91 antiserum diluted to 1:500. Goat anti-rabbit IgG
F(ab*)2 conjugated with 10-nm gold particles (Ted Pella,the middle of the cell. Images were opened with the
public domain software, NIH-Image, adjusted for bright- Inc.) or goat anti-rabbit IgG conjugated with 20-nm gold
particles (E-Y Laboratories) was used at dilutions of 1:50ness and contrast, and printed using Adobe Photoshop.
or 1:30, respectively. The samples were observed with a
Philips CM12 transmission electron microscope.Immunoelectron microscopy
RESULTSSamples of OpMNPV-infected L. dispar cells were pre-
Location and nucleotide sequence of OpMNPV p91pared and immunoelectron microscopy was carried out
as previously described (Russell and Rohrmann, 1990a). In initial investigations on ODV envelope proteins, we
observed that alkali treatment of the polyhedra duringSections were incubated in preimmune serum or MBP-
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virion isolation appeared to disrupt the virion envelope.
Consequently, we produced a mouse polyclonal antise-
rum against virions that had not yet been occluded in
polyhedra (Russell and Rohrmann, 1993). Using this anti-
serum, we screened a lgt11 expression library con-
taining DNA from OpMNPV, and a number of immunore-
active clones were identified. To eliminate fusion of
genes that we had previously characterized, the immuno-
reactive clones were screened against both immune se-
rum to, and radiolabeled DNA encoding P10, P87, VP39,
polyhedron envelope protein, and polyhedrin (Quant-Rus-
sell et al., 1987; Mu¨ller et al., 1990; Pearson et al., 1988;
Russell and Rohrmann, 1990a; Russell et al., 1991, re-
spectively). Twenty-two clones were isolated for further
study. In this report, we describe the characterization of
an isolate called l246.
To determine the location of the l246 insert in the
OpMNPV genome, the insert was isolated, radiolabeled,
and hybridized to Southern blots of restriction digests of
cosmid and genomic DNAs from OpMNPV and found to
hybridize to a 4.1-kb SstI fragment (Fig. 1). This region FIG. 4. Northern blot analysis of the transcript from the p91 region.
was sequenced (Ahrens et al., 1997) (see GenBank Ac- A 32P-labeled cRNA probe complementary to p91 (nt 70446 –68427)
was hybridized to total RNA blotted onto Gene Screen Plus. The sizescession No. U75930) and the l246 insert was found to
(kb) of selected markers are indicated at the left. The sizes (kb) ofcontain amino acids 411 through 646 of p91, a 2460-bp
major transcripts are shown at the right. The numbers at the top of theopen reading frame predicted to encode a protein of 91
gel indicate the hour postinfection. M refers to mock-infected cells.
kDa (819 amino acids) (Fig. 2). p91 is located just up-
stream of homologous region 3 (hr3). Such sequences
have been implicated as transcriptional enhancers of processing signals (AATAAA) located within or down-
stream of the p91 orf. All three of these probes identifiedearly genes and putative origins of replication (reviewed
in Ahrens et al., 1997). The N-terminus of P91 was found the same pattern of transcripts (Fig. 4 and data not
shown), indicating that all these transcripts terminatedto be highly hydrophobic, with 14 of the first 20 amino
acids composed of alanine, valine, isoleucine, or leucine downstream of the second 3* processing signal at nt
70,582 (Fig. 2). These transcripts first appeared at 24 hrresidues. Analysis for signal peptides using the PSORT
WWW Server program suggested that P91 contains a p.i. and comprise two major RNAs of 1.8 and a broad
band of 2.8 to 5 kb that includes an intense signal atcleavable N-terminal signal sequence with a possible
cleavage site at amino acid 18. Several other areas of approximately 3.8 kb.
The mRNA start site was mapped using 5* S1 nucleasehydrophobicity were also detected. In addition, four puta-
tive N-glycosylation sites were identified (Fig. 2) (amino protection assays. A 539-bp TaqI/PstI fragment (Fig. 1)
was 5* end-labeled and hybridized to total RNA. Theacids 210 – 213, 588– 591, 609 –612, 752 – 755). A putative
nuclear localization signal was not identified by the hybrids were treated with S1 nuclease and the reactions
were electrophoresed on an 8% polyacrylamide/7 M ureaPSORT program.
OpMNPV P91 is smaller than its AcMNPV homolog gel along with both a 1-kb ladder and a DNA sequencing
ladder. Two protected fragments of 158 and 160 bp were(AcMNPV ORF83) (819 vs 847 amino acids) and they
demonstrate 62% amino acid sequence identity (Fig. 3). first observed at 18 hr p.i. and were present at all later
time points (Fig. 5a). Two late promoter elements, GTAAGThe homology was distributed throughout the molecules,
although there are several regions where the sequence (nt 68170) and TTAAG (nt 68238), were found upstream
of the p91 ATG (nt 68318) (Fig. 2). The two protectedwas more highly conserved. The hydrophobic N-terminal
region was conserved in both viruses. bands corresponded to the second T and a nt just up-
stream of the late promoter element TTAAG (Fig. 2, nt
68239 and 68237, respectively). No protected fragmentsTranscriptional mapping of p91
corresponding to the other late promoter element,
GTAAG (nt 68170 – 68174) were observed. In addition, aNorthern hybridization and 5* and 3* S1 nuclease pro-
tection assays were carried out to transcriptionally map more intense signal approximately the size of the probe
was present at late times p.i., indicating a major tran-p91. For Northern hybridization, three 32P-labeled cRNAs
were used (Fig. 1a) that would differentially hybridize to script(s) initiating upstream (not shown).
To map the termination site of the transcript, a 3* end-populations of mRNAs that terminated near the three 3*
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FIG. 5. 5* and 3* transcriptional mapping of the OpMNPV p91 transcript. (a) 5* S1 nuclease analysis of the p91 transcript from different hours
postinfection. The size of the product was determined by comparison to 32P-labeled 1-kb ladder (left lane) and confirmed with a DNA sequencing
ladder (not shown) that were electrophoresed next to the transcriptional mapping lanes. The approximate sizes (nt) of the protected fragments are
indicated on the right margin. (b) 3* mapping of the p91 transcripts by S1 nuclease analysis. The samples were run on a 0.8% agarose gel and the
size of the product was determined by comparison to a 32P-labeled 1-kb ladder. The approximate size (kb) of the protected fragments is indicated
on the right margin.
labeled 908-bp NarI/PstI fragment (Fig. 1) was hybridized promoter element (TTAAG) at nt 67547 (Ahrens et al.,
1997), which would result in a transcript of approximatelyto the RNA time course and treated with S1 nuclease.
3535 nt that could contribute to this RNA population.The samples were electrophoresed on a 0.8% agarose
Our data also suggests that the 1.8-kb transcript initiatesgel and a major protected fragment of approximately 298
within the p91 orf, although a late promoter element cor-nt was observed (Fig. 5b). In order to more accurately
responding to the transcript is not evident. These datasize the protected fragments, samples were run on an
are summarized in Fig. 1b.8% polyacrylamide/ 7 M urea gel. The band was resolved
as two protected fragments of 286 and 288 nt (data not
Temporal expression of P91shown) which corresponded to the A and C at nt 70999
and 71001, respectively (Fig. 2). The 5* and 3* mapping In order to examine the temporal expression of P91, a
collectively predicted a transcript of about 2.8 kb. With the polyclonal antiserum against a maltose binding protein– P91
addition of a polyadenylation sequence, such a transcript fusion was produced. Time courses of OpMNPV-infected L.
would fall within the broad 2.8- to 5-kb band identified dispar and AcMNPV-infected S. frugiperda cells were ana-
in Fig. 4. Because of the lack of any additional strong lyzed by Western blot using the MBP-P91 antiserum. When
signals, the 3* mapping data indicated that the tran- the OpMNPV time course was analyzed, an immunoreactive
scripts identified by Northern analysis terminate at this band of approximately 91 kDa was first detected at 18 hr
site. Taken together with the 5* mapping data that sug- p.i. (Fig. 6a). This band increased significantly in intensity by
gested a major large upstream transcript, it is likely that 36 hr p.i. and remained constant for the duration of the
the broad 2.8- to 5-kb RNA population likely includes infection. A slightly larger band was detected at low concen-
trations at 18 and 24 hr p.i. and was no longer observablespecies initiating upstream of the p91 orf. There is a late
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FIG. 6. Western blot analysis of P91. (a) Expression of P91 in OpMNPV-infected L. dispar cells. The numbers on the top of each lane indicate hr
p.i. Mock-infected cells are indicated by the letter M. MBP-P91 antiserum was used at a dilution of 1:12,500. (b) Western blot analysis of extracts
of AcMNPV-infected S. frugiperda cells using the OpMNPV MBP-P91 antiserum at 1:5,000. (c) Western blot analysis of P91 in purified OpMNPV
budded and occluded viral phenotypes. Lanes include: ODV, BV, and 36 hr p.i. cell extract. MBP-P91 antiserum was used at a dilution of 1:5,000.
(d) Fractionation of envelope and capsid-associated proteins. Lanes show supernatants (lanes 1 and 3) or pellets (lanes 2 and 4), from 3% NP-40
and 3% NP-40 plus 0.1% 2-mercaptoethanol, respectively, treated pellets derived from dilute alkaline saline treatment. Blots were incubated with a
mixed antiserum containing antisera against VP39-capsid, P25 (envelope), or P91. For details see Materials and Methods. Sizes (kDa) of the protein
standards are indicated on the left; the size of P91 or the AcMNPV homolog is indicated on the right of each blot.
at 48 hr p.i. In the time course of AcMNPV-infected S. frugi- the MBP-P91 antiserum was used to screen Western
blots of the two viral phenotypes. Two major immunore-perda cells, a band of approximately 115 kDa was observed
by 24 hr p.i. and became more intense at 48 hr p.i. (Fig. 6b). active bands of equal intensity, at approximately 91 and
102 kDa, were seen in the ODV lane (Fig. 6c). However,To determine whether P91 was associated with the
occlusion-derived virus or the budded virus of OpMNPV, only the 91-kDa band was seen in the BV lane. In the
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FIG. 7. Time course of P91 localization in OpMNPV-infected cells by confocal microscopy. (A) mock-infected cells. Image was the fifth in a series
of 8. (B) 24 hr p.i. Image was the third in a series of 6. (C) 48 hr p.i. Image was the fifth in a series of 8. (D) 72 hr p.i. Image was fourth in a series
of 8. Section thicknesses were 0.29, 0.16, 0.37, and 0.51 mm for mock, 24, 48, and 72 hr p.i., respectively. Pixel sizes were 0.27 1 0.27 1 0.29, 0.29
1 0.29 1 0.16, 0.24 1 0.24 1 0.37, and 0.19 1 0.19 1 0.51 mm for mock, 24, 48, and 72 hr p.i., respectively. MBP-P91 antibody was used at a
1:2000 dilution.
36-hr p.i. lane, both bands were detected but the 91-kDa rescent samples were scanned on a confocal micro-
scope. Mock-infected cells showed little fluorescenceband was predominant. Analysis of the p91 amino acid
sequence showed that it had four putative N-glycosyla- when immune serum against MBP-P91 was used (Fig.
7a); similar results were seen when cells at 48 hr p.i.tion sites. To determine if N-glycosylation of P91 could
account for the difference in size of the two immunoreac- were incubated with preimmune serum (data not shown).
Compared to the controls, cells at 24 hr p.i. showed moretive bands seen in ODV, tunicamycin studies were done.
Western blots of tunicamycin-treated OpMNPV-infected fluorescence when incubated with the MBP-P91 antise-
rum and the fluorescence was evenly distributedL. dispar cells were incubated with MBP-P91 and GP64
antisera (Blissard and Rohrmann, 1989). No size differ- throughout the cell (Fig. 7b). By 48 hr p.i., the fluores-
cence was significantly more intense and was concen-ence in either band of the P91 doublet was seen, al-
though the gp64 band showed a major size reduction in trated primarily within the nucleus (Figs. 7C, 8A and 8B).
At 72 hr p.i., P91 localized almost completely aroundthe tunicamycin-treated sample (data not shown).
the perimeter of the nucleus (Fig. 7D). In a number of
OpMNPV-infected cells at 48 and 72 hr p.i., foci of intenseLocalization of P91
staining were observed near the nuclear membrane
In order to localize P91, both immunofluorescence and (Figs. 7C, 7D, 8A, and 8B). Transmitted images of infected
immunoelectron microscopy were carried out on a time cells late in infection were overlaid with fluorescent im-
ages of the same cells (Figs. 8C and 8D). Both figurescourse of OpMNPV-infected L. dispar cells. Immunofluo-
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FIG. 8. Regions of P91 localization in OpMNPV-infected L. dispar cells. (A) 48 hr p.i. The image was the fifth in a series of 8, with sections of
0.37 mm and a pixel size of 0.24 1 0.24 1 0.37 mm. (B) 48 hr p.i. Image was the sixth in a series of 8. Sections were 0.6 mm thick and pixel sizes
were 0.18 1 0.18 1 0.6 mm. (C) Overlay of a transmitted image of a cell at 72 hr p.i. with its FITC image. Overlay was done using the NIH Image
Software. The FITC image appears as an orange color and the transmitted image appears green. Sections were 0.24 mm thick and pixel sizes were
0.16 1 0.16 1 0.24 mm. (D) Overlay of a transmitted and FITC image of infected cells at 48 hr p.i. The FITC image appears green and the transmitted
image is red. Overlay was done using Scanware 5.01 run on a Leica TS4D confocal microscope. Sections were 0.17 mm thick. Pixel sizes were
0.35 1 0.35 1 0.17 mm. MBP-P91 antibody was used at a 1:2000 dilution.
show that the fluorescence is localized to the periphery with virion capsids both before (Figs. 9b and 9c) and
after (Figs. 9e– g) occlusion. The immunogold bindingof the nucleus. Figure 8C shows the fluorescence almost
exclusively within the nuclear membrane and localized did not appear to occur in localized areas of the capsid
or envelope, but appeared to be scattered throughoutto the region of polyhedron formation.
Immunoelectron microscopy was used to more pre- both structures. The MBP-P91 antiserum also appeared
to stain the electron dense regions of the virogeniccisely localize P91 within OpMNPV-infected cells. Preim-
mune serum (Fig. 9a) showed low levels of background stroma (Fig. 9d), which is thought to be the region of
virion assembly (Young et al., 1993).staining as did antiserum to the unfused maltose binding
protein (data not shown and Russell et al., 1997). Infected
cells were examined at 48, 72, and 84 hr p.i. At all time Dissolution studies of P91
points immunogold staining was most intense in enve-
loped virions within the nucleus. Although in some in- Because the immunoelectron micrographs suggested
that P91 was associated with both virion capsids andstances the antibody appeared to preferentially bind to
ODV envelopes, in others it also appeared to associate envelopes, we conducted dissolution studies using NP-
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FIG. 9. Immunogold localization of P91 in OpMNPV-infected cells with MBP-P91 antiserum. (a) Control, preimmune antiserum, 48 hr p.i. (b) 72 hr
p.i. (c, d) Virogenic stroma at 72 hr p.i. (e –g) 48 hr p.i. MBP-P91 antibody (b– g) and preimmune antiserum (a) were used at a dilution of 1:500; 10
nm gold conjugated secondary antibody was diluted 1:50 (a –d). 20 nm gold conjugated to secondary antibody was diluted 1:30 (e –g). The bars
indicate 0.5 mm.
40 to remove the virion envelopes. Polyhedra were dis- compare the localization of P91 with P25 and VP39 (Fig.
6d). When we previously conducted dissolution studiessolved in dilute alkaline saline, pelleted, and the pellet
was divided and resuspended in buffers containing 3% on OpMNPV P32, the polyhedron envelope protein, P32,
was dissociated only when 2-mercaptoethanol wasNP-40 or 3% NP-40 plus 0.1% 2-mercaptoethanol and
incubated for 45 min at 37 and 557, respectively, and present (Gombart et al., 1989b). These results sug-
gested that P32 was covalently attached to the envelopemicrofuged. The pellet and supernatant fractions were
then analyzed on Western blots using antiserum to VP39 by thiol linkages. Although P91 has a number of cysteine
residues, it remained in the pellet fractions with bothcapsid (Pearson et al., 1988), the envelope protein, P25
(Russell and Rohrmann, 1993), and antiserum to P91 to treatments, as did VP39 (Fig. 6d, lanes 2 and 4). How-
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FIG. 9— Continued
ever, approximately 50% of P25 was solubilized (lanes DISCUSSION
1 and 3) under these conditions. These results suggest
To date, evidence suggests that five viral-encoded pro-that P91 is a capsid-associated protein and that if it is
teins are associated with virion capsid structures, includ-present in the envelope, it is also linked to the capsid
ing P6.9 (Wilson et al., 1987), VP39 (Russell et al., 1991),in some manner such that it is not removed with NP-40
or 2-mercaptoethanol. P24 (Wolgamot et al., 1993), and P87 (Mu¨ller et al., 1990).
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